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Method and System for User-Defined Triggering Logic In A 



Hardware Description Language 



BACKGROUND 

5 1. Technical Field 

[0001] Embodiments of the invention relate to the field of debugging electronic 
circuits, and more specifically to user-defined triggering logic in a hardware 
description language. 

10 2. Background Information and Description of Related Art 

[0002] For the design of digital circuits, designers often employ computer aided 
techniques. Standard languages, such as Hardware Description Languages 
(HDLs), have been developed to describe digital circuits to aid in the design and 
simulation of complex digital circuits. As device technology continues to advance, 

1 5 various product design tools have been developed to adapt HDLs for use with newer 
devices and design styles. 

[0003] After the HDL code is written and compiled, the design of an integrated 
circuit (IC) or a system which includes multiple ICs must be verified to be correct. 
Debugging applications have been developed to aid in the verification process. 
20 Using the debugging applications, designers may add logic to the circuits for 
debugging purposes. For example, triggering logic may be added to the circuits. 
The triggering logic detects when one or more defined triggering events of interest 
have occurred. The triggering events are triggered when one or more triggering 
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conditions are met. Each triggering condition is defined by one or more states of 
one or more signals in the circuit. When a triggering event is detected, signals of 
interest may be sampled and captured for error detection and correction. The 
triggering logic may include one or more configurable registers that may be 
5 connected to a debugger during the verification process. The debugger allows for 
the programming of control signals via the configurable registers to trigger the 
triggering events of interest. 

[0004] The debugging applications described above allow a user to specify the 
data signals that will trigger an event of interest. A limited number of predetermined 

10 parameters, such as width or whether the triggering logic will have a counter, a state 
machine, or complex comparators, may be selected by the user. After obtaining 
these parameters, the debugging applications will typically generate a triggering 
logic block that implements the logic and detects for the desired triggering events. 
Since the logic elements in the triggering block are determined and generated by the 

15 debugging application, the user is limited in the ability to customize the design of the 
triggering logic to meet the user's needs. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0005] The invention may best be understood by referring to the following 
description and accompanying drawings that are used to illustrate embodiments of 
5 the invention. In the drawings: 

[0006] FIG. 1 illustrates a block diagram of a computer system that may be used 
to implement embodiments of the invention. 

[0007] FIG. 2 is a flow diagram illustrating a method according to an embodiment 
of the invention. 

10 [0008] FIG. 3 is a block diagram illustrating a triggering logic block according to 
an embodiment of the invention. 
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DETAILED DESCRIPTION 

[0009] Embodiments of a system and method for user-defined triggering logic in 
a hardware description language are described. In the following description, 
numerous specific details are set forth. However, it is understood that embodiments 
5 of the invention may be practiced without these specific details. In other instances, 
well-known circuits, structures and techniques have not been shown in detail in 
order not to obscure the understanding of this description. 
[0010] Reference throughout this specification to "one embodiment" or "an 
embodiment" means that a particular feature, structure, or characteristic described 

10 in connection with the embodiment is included in at least one embodiment of the 
invention. Thus, the appearances of the phrases "in one embodiment" or "in an 
embodiment" in various places throughout this specification are not necessarily all 
referring to the same embodiment. Furthermore, the particular features, structures, 
or characteristics may be combined in any suitable manner in one or more 

15 embodiments. 

[0011] Fig. 1 illustrates a block diagram of a computer system 100 that may be 
used to implement an embodiment of the invention. The computer system 100 
includes a processor 102 coupled through a bus 110 to a random access memory 
(RAM) 104, a read-only memory (ROM) 106, and a mass storage device 108. Mass 
20 storage device 108 represents a persistent data storage device, such a floppy disk 
drive, fixed disk drive (e.g. magnetic, optical, magneto-optical, or the like), or 
streaming tape drive. Processor 102 may be embodied in a general purpose 
processor, a special purpose processor, or a specifically programmed logic device. 
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[0012] Display device 1 12 is coupled to processor 102 through bus 110 and 
provides graphical output for computer system 100. Keyboard 114 and cursor 
control unit 1 16 are coupled to bus 1 10 for communicating information and 
command selections to processor 102. Also coupled to processor 102 through bus 
5 1 10 is an input/output (I/O) interface 118, which can be used to control and transfer 
data to electronic devices (printers, other computers, etc.) connected to computer 
system 100. 

[0013] It should be noted that the architecture of Fig. 1 is provided only for 
purposes of illustration, and that a computer used in conjunction with embodiments 

10 of the invention is not limited to this specific architecture. 

[0014] As will be appreciated by those skilled in the art, the content for 
implementing an embodiment of a method of the invention, for example, computer 
program instructions, may be provided by any machine-readable media which can 
store data that is accessible by system 100, as part of or in addition to memory, 

15 including but not limited to cartridges, magnetic cassettes, flash memory cards, 

digital video disks, random access memories (RAMs), read-only memories (ROMs), 
and the like. In this regard, the system 100 is equipped to communicate with such 
machine-readable media in a manner well-known in the art. 
[0015] It will be further appreciated by those skilled in the art that the content for 

20 implementing an embodiment of the method of the invention may be provided to the 
system 100 from any external device capable of storing the content and 
communicating the content to the system 100. For example, in one embodiment, 
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the system 100 may be connected to a network, and the content may be stored on 
any device in the network. 

[0016] Fig. 2 is a flow chart illustrating an embodiment of a method of the 
invention. A circuit may typically be described by writing Hardware Description 
5 Language (HDL) source code descriptions of the elements of the circuit. Writing 
HDL source code is well described in literature. See, for example, Verilog HDL: a 
Guide to Digital Design and Synthesis, Samir Palnithar, SunSoft Press, 1996; also 
see, A VHDL Synthesis Primer, J. Bhasher, Star Galaxy Publishing, 1996. 
[0017] Circuit designers may add logic elements to the circuit to aid in the 

1 0 verification of the circuit. For instance, triggering logic may be added to debug the 
circuit. The triggering logic detects one or more triggering events of interest. Once 
a triggering event is detected, signals in the circuit may be sampled to detect errors 
in the circuit. The triggering events are generated when one or more triggering 
conditions are met. Each triggering condition is defined by one or more states of 

15 one or more signals in the circuit. The present invention allows users to customize 
the triggering logic by writing their own triggering logic in HDL. 
[0018] The user describes the triggering logic in HDL and saves the HDL 
description in a file. The user may specify the name of the file containing the 
triggering logic description and the name of a top level block in the triggering logic 

20 that will connect to the circuit. Referring to Fig. 2, at 200, the file containing the 
user-defined triggering logic is read. At 202, the triggering logic is inserted and 
connected to the circuit. At 204, the HDL description of the circuit that includes the 
user-defined triggering logic is compiled. 
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[0019] One example of a compiler that may be used in compiling the HDL 
descriptions is a logic synthesis compiler, which is typically a computer program that 
operates on a general purpose computer system, although in some embodiments, 
the computer system may be a dedicated, special purpose computer system. An 
5 example of a logic synthesis compiler is the program "Synplify™" from Synplicity, 
Inc. of Sunnyvale, California. After compilation, a register transfer level (RTL) netlist 
may be generated. The RTL netlist usually shows registers and other logic 
interconnected to show the flow of data through a circuit that was described in the 
HDL. 

1 0 [0020] In one embodiment of the invention, the RTL netlist is mapped to a target 
architecture. The target architecture is typically determined by a supplier of the 
integrated circuit (IC). Examples of target architectures include field programmable 
gate arrays (FPGAs) and complex programmable logic devices from vendors such 
as Altera, Lucent Technologies, Xilinx, and Lattice Semiconductor. The mapping 

15 operation converts the RTL level description of the desired circuit into the equivalent 
circuit implemented using building blocks of the target architecture. A technology 
specific netlist is generated. Conventional place and route software tools may then 
be used to create a design of circuitry in the target architecture. 
[0021] Verification of the circuit may then be performed. Triggering events may 

20 be detected during the normal operation of the circuit. A debugger may be 

connected to the circuit to aid in the verification process. A debugger may program 
control signals via configurable registers in the triggering logic to trigger the 
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triggering events. Once a triggering event is detected, signals of interest may be 
sampled and captured to detect circuit errors. 

[0022] Fig. 3 is a block diagram illustrating a circuit section 300 with a triggering 
logic block 302 according to an embodiment of the invention. The top level block of 
5 the triggering logic may have a predefined interface with a set of predetermined 
inputs and outputs. As shown in Fig. 3, the top level triggering logic block 302 has 
the following inputs: a clock signal 304, one or more data signals 306, and one or 
more control signals 308. A triggering event will be detected based on one or more 
states of one or more of the data signals 306. The control signals 308 may be 
10 connected to and programmed by a debugger during the circuit verification process. 
The triggering logic block 302 has one or more triggering signal outputs 310. The 
one or more triggering signal outputs 310 indicate whether the triggering logic has 
detected a triggering event. 

[0023] An example of a HDL description of a triggering logic block written in 

1 5 Verilog is shown below for illustrative purposes. 

[0024] //==================================================== 

module trig8 (elk, data, ctrM , ctrl2, trig) 
/* synthesis syn_retain = 1 */ 
20 /* synthesis synjmplement = "trig8" */ 

/* synthesis debug_utu = 1 */ 

input elk /* synthesis debugjjtu_clock = 1 */ ; 
input [7:0] data; 

25 input [7:0] ctrM /* synthesis debug_utu_control = 1 */ ; 

input ctrl2 /* synthesis debug_utu_control = 1 */ ; 
output trig; 

reg trig; 

30 

always @ (posedge elk) 
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15 



20 



begin 

if (ctrl2== 1'b1) 
begin 

if (data == ctrh) 
begin 

trig = 1; 

end 
else 
begin 

trig = 0; 

end 

end 

end 

endmodule 

[0025] An example of a HDL description of a triggering logic block written in 
VHDL is shown below for illustrative purposes. 

[0026] //==================================================== 

library ieee; 

use ieee.std_logic_1164.all; 
use ieee.std_logic_unsigned.all; 



25 



30 



entity trig8 is 
port( 
elk 
data 
ctrh 
ctrl2 
trig 

); 



in stdjogic; 

in std_logic_vector (7 downto 0); 

in std_logic_vector (7 downto 0); 

in stdjogic; 

out stdjogic; 



35 



40 



attribute debug_utu_control : boolean; 

attribute debug_utu_control of Ctrl 1 : signal is true; 

attribute debug_utu_control of ctrl2 : signal is true; 

end trig8; 

architecture rtl of trig 8 is 

attribute debug_utu : boolean; 

attribute debug_utu of rtl : architecture is true; 

attribute syn_retain : boolean; 

attribute syn_retain of rtl : architecture is true; 

begin 
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process (elk) 
begin 

if (rising edge (elk)) then 
trig <= '0'; 

5 if (ctrl2 = T)then 

if (data = Ctrl 1) then 
trig <=T; 

end if 
end if 

10 end if 

end process 

end rtl 

[0027] In both examples above, the name of the top level block of the triggering 
15 logic is "trig8". This block has inputs and outputs that match the predefined 
interface, as shown in Fig. 3 and described above. The inputs to the "trig8" 
triggering logic block are a one bit clock signal, "elk", an 8 bit data signal, "data", and 
two control signals, the 8 bit "ctrM" and the one bit "ctrl2". The output signal is a one 
bit trigger signal, "trig". The triggering conditions are met if ctrl2 is equal to 1 and the 
20 data input signal is equal to ctrM . These conditions are checked on every rising 
edge of the elk signal. If these conditions are met, the trig output signal will be 1 , 
indicating that a triggering event has been detected by the triggering logic. 
Otherwise, the trig output signal will be 0, indicating that no triggering event has 
been detected. The control signals, ctrll and ctrl2, may be connected to a debugger 
25 during the verification process to program the signals to specific values in order to 
generate a triggering event. 

[0028] After writing a HDL description of the desired triggering logic, such as the 
HDL descriptions shown above, the user saves the HDL description in a file. 
Assume that the user saves the HDL description in a file with the name 
30 "triggerlogic." Then, the user may specify the name of the file, "triggerlogic", and the 
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name of the top level block to be connected to the circuit, "trig8", to the application. 
The file "triggerlogic," will be read, and the triggering logic defined in the file will be 
inserted and connected to the circuit. 

[0029] The HDL descriptions of the circuit that include the triggering logic may 
5 then be input into a compiler. After compilation, a RTL netlist may be generated. In 
one embodiment of the invention, the RTL netlist is mapped to a target architecture. 
A technology specific netlist is generated. Conventional place and route software 
tools may then be used to create a design of circuitry in the target architecture. 
Verification of the circuit may then be performed. Triggering events may be 

10 detected during the normal operation of the circuit. A debugger is used to aid in the 
verification process. The control signals of the triggering logic may be programmed 
via the debugger to generate the triggering events. Once a triggering event is 
detected, signals of interest may be sampled and captured to detect circuit errors. 
[0030] Thus, embodiments of a method and system for user-defined triggering 

15 logic in a hardware description language has been described. While the invention 
has been described in terms of several embodiments, those of ordinary skill in the 
art will recognize that the invention is not limited to the embodiments described, but 
can be practiced with modification and alteration within the spirit and scope of the 
appended claims. The description is thus to be regarded as illustrative instead of 

20 limiting. 
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